Nasal epithelial cells are a representative and easy to obtain system of epithelial cells for the study of chloride transport. X-ray microanalysis (XRMA) allows the direct and simultaneous measurement of several elements of biological interest, including chloride. Here, a method is presented for the preparation of nasal epithelial cells for X-ray microanalysis and for the determination of chloride transport by this analytical technique.
Introduction 1

X-ray microanalysis (XRMA) is a technique of elemental analysis that is carried out in an electron microscope (EM).
The technique is based on the generation of characteristic Xrays in atoms of the specimen by the incident beam electrons. These X-rays are characteristic for the element from which they originate and hence contain information on which elements are present in the specimen (and how much of each). In addition, the beam electrons generate background or continuum X-rays that do not carry information on the elemental composition of the sample, but the amount of background radiation is related to the total mass of the analyzed volume in the specimen and is used in quantitative analysis. The lowest concentration of an element that can be detected is in the order of a few mmol/kg, and the smallest amount is in the order of 10 À18 g. The spatial resolution of the analysis depends on the thickness of the specimen. The best spatial resolution is obtained in (thin) specimens where, as a rule of thumb, the diameter of the analyzed volume is about half of the specimen thickness. Freeze-dried cultured cells are a few micrometers thick and fall into this category.
The technique requires a scanning-transmission (STEM) or scanning electron microscope (SEM) with an energydispersive X-ray detector system. Quantitative analysis is carried out by comparing the relative X-ray intensity (defined as the ratio between characteristic and continuum Xrays) between the unknown and a standard with known composition. In order to minimize problems in the comparison of specimen and standard, the standard is made to resemble the specimen, e.g., mineral salts dissolved in a 20% gelatin matrix.
When analysis of diffusible ions is to be carried out, care must be taken during the preparation of the specimen not to displace these ions. This requires the use of low-temperature techniques, whereby the specimen is frozen as rapidly as possible. channel can be stimulated by incubating the grids in SR containing 100 AM ATP (Sigma) for 5 min at RT. 6. At the end of the incubation, the cells are briefly washed (5-10 s) with 0.3 M mannitol at 4 jC. This is done in order to remove the experimental solutions, which otherwise would interfere with the X-ray measurements. Excess fluid is removed with a filter paper and the grids are rapidly frozen in liquid propane cooled by liquid nitrogen. The grids are freeze-dried overnight at 7.5 Â 10 À3 torr and slowly warmed from À 120 jC to RT in an Emitech (Ashford, UK) K775 freeze-dryer. The grids are then covered with a thin conductive carbon layer to prevent charging in the EM. The disadvantage of using mannitol as a rinsing fluid is that after freezedrying, a layer of mannitol powder is left on the cells. We have tried to use distilled water and volatile buffers, but these fluids were found to introduce artifacts. 7. XRMA of the intracellular elemental content is performed in an EM in the STEM mode at 100 kV accelerating voltage with an energy-dispersive spectrometer system. Analyses are carried out with a stationary beam for 50-100 s. Due to the spreading of the electron beam, the measurements reflect the concentration of the elements at the cellular level. Cells to be measured can be recognized by their characteristic XRMA spectra, where all seven elements of interest (Na, Mg, P, S, Cl, K and Ca) are present. Dust particles, mucus and cell debris can be easily recognized by their characteristic spectra, being thus not recorded. 8. Quantitative analysis is carried out based on the ratio of characteristic peak-to-background intensity in the same energy region (P/B ratio). The P/B ratios obtained on the sample are compared with those obtained on standards consisting of a gelatin/glycerol matrix containing mineral salts in known concentrations. Elemental concentrations are expressed as millimoles per kilogram of dry weight (mmol/kg). 9. The fact that the cells on the grids are in clusters of different sizes complicates the quantitative analysis, because the local thickness of the sample and of the layer of mannitol covering the sample may vary considerably, as does the contribution of extraneous structures (grid bars, specimen holder) to the spectrum. Therefore, it is recommended that one element, preferably phosphorus, should be used as an internal standard to correct for the effects causing variation in the concentration data. XRMA is carried out in the ST mode as described above in steps 8 and 9.
Hints and troubleshooting
1. The incubation of the grids is carried out best by putting the grids with the cells on the upper surface under a drop of fluid. 2. The stock solutions for the agonists are made up in highgrade methanol or DMSO at a concentration at least 1000 times that of the working solution. 3. The step of rinsing the grids form the experimental solutions is performed by dipping the grids briefly in a beaker with the rinsing fluid and carefully touching the edge of the grid to a filter paper. 4. Do not carry out analysis near a grid bar, as this increases the external background. Adjust the tilt angle of the specimen holder so that the X-rays from the specimen have an unimpeded path to the detector. (Absorption is best seen at low X-ray energies, and therefore, the shape of the low-energy end of the spectrum should be critically examined). 5. If the morphology is not clear, remember that cells always have a high phosphorus (P) content, irrespective of any artefacts occurring during preparation. If a structure does not have high P content, it is not a cell. 6 . If the cell shows a peak for P and a lower peak for sulphur (S) but no other peaks, the rinsing procedure has caused leakage of all diffusible ions. Use a different rinsing fluid and/or shorten the rinsing time. 7. High Na and Cl concentrations can be due to either of the following artefacts: (a) poor rinsing (b) cell death/damage. It is not always easy to distinguish between these two alternatives, but the following criteria may be helpful. If one finds high Na and Cl concentrations not only when a cell is analyzed, but also for a cell-free part of the grid, the problem is likely to be poor rinsing. Cell death/ damage is often accompanied by low cellular potassium (K) concentrations. If the problem is poor rinsing, one should rinse longer and/or more vigorously next time. Cell death or damage may occur due to improper handling during any step of the procedure, and if the problem persists, each step of the procedure should be critically examined.
Results
We find that stimulation of nasal epithelial cells of controls with IBMX/FSK or ATP results in a decrease of the intracellular Cl À concentration of about 25%, i.e., the Cl À concentration in the stimulated cells is about 25% lower than in the unstimulated cells. The stimulated cells also lose K. In cells from CF patients, there are no significant changes in the concentrations of Cl and K after stimulation with IBMX/FSK, but the decrease after ATP stimulation is similar to that in the non-CF controls.
